The paper presents procedures for determining market values of forest real properties, with particular emphasis placed on the forest stand. The mixed-approach valuation procedure -land valuation index method -was analyzed. The practical part of the work regarding the valuation of the forest stand introduces the various techniques of valuation and acquisition of data on forest resources used, i.e.: index-based valuation approach and stock survey approach.
Introduction
This paper presents issues related to determining the market value of forest real properties taking into account their components -land and stand. Valuation was conducted using a mixed approach -the land valuation index method. Two techniques were used for the valuation of the stand: the indexbased valuation approach and stock survey approach. Both, the valuation technique and the method of data acquisition regarding forest resources significantly affect the final value of a forest property.
The thesis which was formulated stipulates that the market value of a forest property, and especially of its stand, determined by the index-based valuation approach based on the forest management plan and using Partyka -Trampler tables (PARTYKA, TRAMPLER 1991) , demonstrates a significant difference compared to the value of the stand determined by the stock survey. Harmonious and rational management of public forests is carried out through the division of forest areas into administrative units -forest inspectorates. A forest inspectorate is divided into a forest district, and a forest district -into forest sub-districts. Sub-districts are divided into the smallest units -forest ranges (also referred to as subareas or assessment areas). These are valuation units that form the basis for the preparation of the forest management plan.
According to the Forest Act (ACT 1991), a forest management plan is drawn up every 10 years for forests managed by the State Forests. Detailed guidelines for its preparation are provided in the Forest Management Guideline of 2012 (GUIDELINE 2012) . The issue of preparing of a forest management plan and its application in forest stand valuation was widely discussed in (BALAWEJDER et al. 2015) . Preparation of management and forestry documentation is preceded by inventories of individual subareas, where the surfaces of subareas are corrected with reference to the plan from the previous decade. In addition, an inventory of the volume of forest resources, soils and sites is carried out. The value of forest property is influenced by various factors (WILKOWSKI 2013); however, the manner and method of performing inventories of forest resources play a key role and significantly affect the final outcome of forest property valuation. Innovative solutions for performing inventories of forest resources, such as those based on the point cloud method presented in (MIKITA et al. 2016) , can be found in scientific literature. The possibility of using remote sensing in forest inventories has also been analyzed in (CROSBY et al. 2017) . A survey of resources regarding soils is presented in (VAYSSE, LAGACHERIE 2017) or in (SCHWEIZER et al. 2017) . It has been emphasized that increased efficiency of determining biomass is performed at the expense of accuracy. An inventory of resources with reference to tree species is presented in (MOHAMMADI et al. 2017) . A very interesting study on the spatial modeling of plant distribution in the aspect of the conducted inventories is presented in (ABDOLLAHNEJAD et al. 2017) . Knowledge of the basic principles and assumptions that underpin the right approach to valuation and its procedures is extremely important. The thesis that knowledge of economic principles of valuation improves its quality and allows for more accurate interpretation of valuation results was proved in the paper (KUCHARSKA-STASIAK, ŹRÓBEK 2015) . Comparative values, as results of actions regarding the same issues, frequently differ, depending on the source of their acquisition (DUDZIŃSKA, KOCUR-BERA 2014) . Issues of forest property valuation are also subject to other interesting studies, e.g. (ZAJĄC 2013) . Research on the possibilities and effects of using various techniques to determine the value of forest stands was also carried out in the study (WILKOWSKI 2011) . In practice, the valuation of forest properties, including forest land and its components -forest stands, is not explicitly defined in the applicable legislation. Art. 152 of the Real Estate Management Act (ACT 1997) presents methods of determining the market value of real estate by recommending a proper approach to valuation. With regard to forest stand valuation in connection with the expropriation procedure, Art. 135 Section 5 of the Act contains only general guidelines related to determining the replacement value of the stand. It is stated that, when determining the value of a forest stand, if there are usable materials in this stand, then the value of wood is estimated, and if there are no usable materials in the stand -the cost of afforestation and care. Other than that, the Act does not contain any provisions on forest stand valuation. The principles of forest land valuation are somewhat clarified in secondary legislation to the Act, i.e. in the Regulation on real property valuation and preparation of a property valuation survey, issued subject to Art. 159 of the Act (REGULATION 2004) . However, due to the lack of clarity in all regulations concerning forest property valuation, the Professional Standard V.6 for professional property valuers was developed (STANDARD 2004) . Therefore, property valuers evaluate forest stands based only on an instructional standard -such as the above-mentioned one, which has the status of recommended for use.
Data and Methods
The value of forest property is the sum of the value of forest land and its components, such as stands, plantations and single trees, which can be written as:
where: W G -market value of the land, W D -value of forest stand. Pursuant to §18 Section 1 of the Regulation on real property valuation and preparation of a property valuation survey (REGULATION 2004) , in the absence of market transactions, in order to determine the value of real estate intended for agricultural and forestry purposes, the land valuation index method shall be used. Using this method, the value of forest land for a single subarea may be written as follows:
where: -forest land value correction factors, taking into account specific market characteristics. Correction factors (v i ) are determined by a property valuer. They take into account particular characteristics of forest properties. It is recommended that the market characteristics of properties, the extent of their assessment and the resulting values of correction factors be taken from the commentary to the Professional Standard V.6 (COMMENTARY 2004).
As far as the stand is concerned, if it is older than 20 years, its market value is determined according to the value of timber in the trunk. Two valuation techniques can be distinguished:
-stock survey approach, -index-based valuation approach -based on updated data contained in the forest management plan. Valuation of the analyzed stand was carried out using both techniques, as illustrated in the diagram below (Fig. 2) . According to Professional Standard V.6, when implementing the stock survey approach, it is necessary to determine the total volume index and the share of particular types of timber grades using one of the methods presented in the diagram in Fig. 2 . The study used the individual tree assessment method, as the method best describing the stands existing in the field. Then, the following formula was used to calculate the final value of the stand: ⋯ (3) where: V G -gross volume (including bark) of a specific species of trees occurring in the stand, r i -coefficients for the calculation of net volume (excluding bark), k i -index of the share of specific timber grades in the total volume, determined based on the stock survey, C i -selling price of specific timber grades determined by a locally competent forest inspectorate, U i -index of reduction of selling price of 1m³ of timber, decreased by the costs of harvesting and skidding, referring to specific timber grades, applied by a locally competent forest inspectorate, V DR -volume of small-sized timber, k DR -index converting total volume of small-sized timber into volume of usable small-sized timber having commercial value, C DR -selling price of usable small-sized timber.
The first stage in the calculations is to determine the gross volume of timber (VG) based on the quantity and quality of the trees in the valuation area. Based on the performed surveys, this stage should be implemented using the volume tables of butt-end logs and standing trees (STANDARD 2004) . The tree volume coefficients are selected for specific species of a tree, its height in meters and DBHdiameter at breast height -in centimeters. The results of gross volume for individual tree species are set out in a field journal. The next step involves the calculation of the net volume of timber with respect to use grades, using the r i coefficients (CZURAJ 1991) .
The reduction index of the selling price of 1m³ of timber, decreased by the costs of harvesting and skidding, is calculated according to the following formula: 1
where: K p -costs of harvest of a particular timber grade according to data from a forest inspectorate, K z -costs of skidding of a particular timber grade according to data from a forest inspectorate, C -current price of 1m³ of timber from a local market or a locally competent forest inspectorate. This price should not include VAT. The second possible technique, also used in this research study, is the index-based valuation approach (Fig. 2) . It is usually used to calculate values of stands that have developed medium-sized grades (older than 20 years). The detailed procedure and its practical application were presented by the author in (BALAWEJDER et al. 2015) ; in the present paper, it will not be analyzed in the theoretical part of the methodology, but only applied in the practical part of the research.
Empirical results
The subject of the valuation is Subarea No. 170d. It is located in Tenczynek Landscape Park (district of Krakow, municipality of Krzeszowice). Subarea 170d is located in the Tenczynek Forest Division, which is part of the Krzeszowice Forest Inspectorate (Fig. 3) . Subarea 170d is part of Record Parcel No. 1846/1. In the forest management plan, the surface area of the valued subarea is 0.54 ha.
Land valuation
The discussed subarea borders a fire road from the north-west side and a high-voltage power line from the north-east side, while its boundary from the south side runs along a watercourse. At the same time, the subarea is adjacent to another one from the south-east to the south-west, where different species of trees predominate. Thanks to such a location, its boundaries are relatively clear and easy to identify in field (Fig. 4) .
Land valuation based on the data from a forest management plan
Formula (2) was used to calculate the value of land using the land valuation index method. The surface of Subarea 170d for the calculations was adopted from the forest management plan. In addition, the following parameters were set: The above-mentioned correction coefficients (vi) were determined during the field inspection alone, and their numerical values were adopted based on (COMMENTARY 2004) and summarized in Table 1 . 
Land valuation based on geodetic survey results
In order to determine the surface area of Subarea 170d its boundaries were measured using the combined method, with the use of a Leica TC407 total station and Geosun GPS receiver. A four-point geodetic control was established and the surveys were performed by the GPS-RTN method (points PS1, PS2) and the tacheometric method (closed sequence of polygonal numbers, linearly and angularly tied to the side PS1, PS2).
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Adjustment of observations was carried out together as a single-row control. Mean error of point position was 0.006m, and m0 was 1.12. C-GEO v.8.1 was used for the calculations. Lines joining 7 turn points formed the boundaries of the subarea. The course of the boundaries was adopted based on the analysis of the stand species and on the basis of natural boundaries occurring in the area, such as watercourses, roads, or high voltage lines. Economic maps provided by the Krzeszowice Forest Inspectorate were used as support materials. Based on the measurements of the turn points of the subarea boundaries, its surface area was calculated, which amounted to 0.5954 ha.
A sketch of the geodetic control, together with the subarea boundary points, has been demonstrated in Figure 5 . In determining the value of land based on direct surveys, the value of only one factor was changed in Formula (2) -surface area of Subarea 170d. Other parameters remained unchanged. The value of land can, therefore, be written as: 
Forest stand valuation
Valuation of the analyzed stand was also carried out using a mixed approach, the land valuation index method, based on two sources: data contained in the updated forest management plan and data from individual tree assessment. The market value of the stand, calculated according to (STANDARD 2004 ) (BALAWEJDER et al. 2015 , using the index-based valuation approach, including data from the forest management plan, is as follows: 
Forest stand valuation -stock survey approach
Field works aimed at estimating the number of trees and the quality of timber grades were performed using the stock survey approach. The individual tree assessment method was used as the most accurate one, because it takes all the trees occurring in a specific subarea into account. The field works were carried out in the spring, so given the appearance of the leaves, the shape of the tree crowns and the structure of the bark, it was easy to identify individual tree species.
The measurement methodology was based on the following stages of work: -All trees growing in the above-mentioned subarea were measured -their DBH -diameter at breast height (diameter of a tree at 1.30 m, counting from the highest soil level around a tree) and height. DBH was measured twice, in a crisscross pattern -at the smallest and largest diameters. The diameter of a tree at breast height is the arithmetic mean of both measurements. Tree height measurements were performed using an optical altimeter. -Species of trees were defined and overall classification of the measured trees into qualitative and dimensional grades was carried out. The prevailing species was alder, but beech, ash, oak, as well as single specimens of birch, spruce, linden and willow were also present. The results of the measurements were included in the field journal. -Average tree heights for DBH ranges were determined for the individual species. -Gross volume of individual trees was specified according to the tables (CZURAJ 1991).
Subsequently, the gross volume for each tree species was summarized in individual DBH ranges. -Gross volume was converted into net volume, based on (GUIDELINE 2012).
www.degruyter.com/view/j/remav vol. 26, no. 1, 2018 -Subsequently, the calculated net volume was divided into qualitative and dimensional timber grades by determining the percentage share of each of the grades. The results of the described activities are contained in the tables, separately for each tree species. Due to the limited length of this paper, only the results for the leading species -alder -have been presented (Table 2 ). In the course of the studies, similar tables were prepared for the other tree species occurring in Subarea 170d. Source: Own study.
The other indices necessary to implement Formula (3) are the same as for the index-based valuation approach. Having consulted a forestry expert in the Krzeszowice Forest Inspectorate, the final calculations of the stand value did not include the value of small-sized timber which is Included in Formula (3). This was due to the fact that small-sized timber in Krzeszowice was not a commercial material. The market value of the stand is as follows:
W 
Discussion and conclusions
The value of a forest property is the sum of the value of forest land and its components, such as stands and single trees. In the case of the analyzed forest property -Subarea 170d -these values, calculated by Formula (1), are as follows (Table 3) . As far as the value of land is concerned, divergence of the results is relatively small (about 10%) and is due exclusively to the difference in the values of the surface area of the analyzed subarea. The other parameters are the same in both methods, the correction factors were determined in field during the site inspection.
Particular attention should be paid to the large discrepancy in the values of the stand. This difference is mainly due to the fact that assessment descriptions from the forest management plan contain solely a description of the species prevailing in a specific subarea. In the study site, this was mostly alder (100% share according to the forest management plan), with the local occurrence of birch. Birch trees were not taken into account in the index-based valuation approach because their share according to the assessment data was 0%. However, during the site inspection and during the implementation of the stock survey procedure, it turned out that there were actually other numerous species of trees, such as birch, beech, oak, ash, linden, willow and single specimens of spruce (Table 4) . Source: Own study.
The value of the stand was also affected by the surface area of the analyzed subarea. The one from the surveys was greater than that from the assessment descriptions by 0.06 ha, which represents about 10% of the total surface area of the subarea. This is consistent with the assumptions contained in (BALAWEJDER et al. 2015) regarding the uncertainty of determining the value of a stand depending on the uncertainty of determining the surface area of a subarea.
Having analyzed the formulas used to calculate the value of the stand, it is evident that its final value obtained by two different valuation techniques is calculated based on different data. When calculating the market value of the stand using the index-based valuation approach, factors which were taken into account included: surface area, valuation index of 1 hectare of the stand, tree cover, price of timber, as well as the costs of harvesting and skidding. On the other hand, in the calculations using the stock survey approach, the main factor to be taken into consideration was the weight of timber obtained by the method of individual tree assessment -the most reliable data reflecting the actual status in field. The remaining factors included surface area, the price of timber, as well as the www.degruyter.com/view/j/remav vol. 26, no. 1, 2018 costs of harvesting and skidding. It may be concluded therefrom that the main determinants of the final market value of a stand include the share of species and the actual weight of timber. In the indexbased valuation approach, failure to include the weight of timber in the calculations in actual shares of species resulted in what was an approximately three times lower market value of the stand than in the stock survey approach.
Current legal regulations on property valuation, such as the Real Estate Management Act (ACT 1997) and the Regulation on real property valuation and preparation of a property valuation survey (REGULATION 2004) , directly regulate the issues of forest land valuation. As for the valuation of a forest stand, however, the law does not specify procedures to be used to estimate the value of forest stands. In practice, the instructional standard is used -Professional Standard V.6 "Valuation of Forest Properties as well as Wooded and Shrubbed properties". However, it should be emphasized that this is only an Interpretative Note and not a legal provision, it may only be helpful in the valuation process.
As it appears from the analysis of the results of the study carried out in a subarea representative of southern Poland, valuation using solely the data contained in forest management plans, even after their update in the State Forest Information System, does not allow for the reliable valuation of a stand. Forest management plans should be treated as supporting materials only, and used by real estate valuers in establishing forest site types and, partially, with economic maps, in determining the boundaries of subareas.
In conclusion, it may be stated that, currently, the process of the valuation of forest stands as components of forest real properties does not enjoy sufficient legal protection. The results of the conducted research demonstrate that values of the forest stand determined by the index-based valuation approach and the stock survey approach differ significantly, at least for subareas with a variety of tree species. The thesis of this study that the use of the index-based valuation approach is not to be recommended has thus been proven.
